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Ecological stoichiometry characteristics of leaf-litter-soil interactions in different
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Abstract; This study measured the C, N, and P concentrations in the leaves, litter, and soil of plantations ( Robinia
pseudoacacia, Populus simonii, and Pinus tabuliformis) and natural secondary forests ( Quercus wutaishanica, Quercus
acutissima , and Betula platyphylla) in the hilly-gully region of the Loess Plateau by combining field investigations with
laboratory analyses. We explored the ecological stoichiometry characteristics of leaf-litter-soil interactions in different forest
types in order to understand the nutrient supply-demand status of different forest ecosystems. The results showed that 1) for
leaves and litter, the C concentration was higher in plantations than in natural secondary forests, whereas the concentrations
of N and P were higher in natural secondary forests than in plantations. The C :N and C :P ratios of the leaves and litter

were higher in plantations than in natural secondary forests. 2) The significant differences between C, N, and P regarding
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the stoichiometric ratios of soil were mainly concentrated at the soil surface (0—10cm) in plantations, while in natural
secondary forests these differences were found deeper in the soil layer (10—50cm). With an increase in soil depth, the C,
N, and P concentrations gradually decreased. 3) The N concentration in the leaves showed significant positive correlation
with the litter in the plantations; the N concentration of litter showed significant positive correlation with the soil in the
natural secondary forests, and the C :P ratio in the leaves showed significant negative correlation with that of the soil (P<
0.05) ; and there were no significant differences in the remaining indicators. These results revealed that the growths of R.
pseudoacacia and Q. wutaishanica were limited by P, other trees were restricted by N, the decomposition rate of litter was
higher in plantations than in natural secondary forests, and the soil P was higher in plantations than in natural secondary
forests. The results of this study could provide a theoretical basis for vegetation restoration and reconstruction in the Loess

hilly-gully region of China.

Key Words: Loess hilly-gully region; plantation; natural secondary forest; nutrient concentration ; ecological stoichiometry
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1 ARMREHARTE

11 WP MR A

5T XA TP P A4 4E %2 11 (35°27'—38°2'N, 108°50'—110°27'E) , J& il 2 2 K ph A, 4 ¥R
I 8—9°C , AF- V- [ R i 550—650 mm it B2 FIREE R F AR 1 22 PG I 52 S0 0 10 B 35, EL A HU) A0 1 e e 22
5o IR TR L B IX MK 500—1600 m, MR PaIL e AR Ik, 13828 2 Bk £ H A
& IR N A EGE R MRS R G, N T AR 32 A i ( Robinia pseudoacacia ) . /N 4% ( Populus
simonii) A (Pinus tabuliformis ) % , WK T ALY A [CEF S (Stipa bungeana) VY ( Hippophae rhamnoides) | J&
FAWL ( Thalictrum petaloideum) \¥EHRIHL( Rosa xanthina) Y555 ( Carex lanceolata)) %5 ; RIRUR A FZEALH
A 1L AR ( Quercus wutaishanica) JWRAR ( Quercus acutissima) | FARE( Betula platyphylla) 55555 ( Acer ginnala)
S MR AEBAL S T4 (Syzygium aromaticum) ¥ RIE BEFHHL RIS 23 (Spiraea cantoniensis ) 55 .

R 2009 AEREPUE FRARIE & GORE, # B PR AU S 0] FEWFSE XN IEER T 6 Rl HA Rk
PERIARARIE Y A TR EURIRR AN L/ INTAS |, RIR IR AE MRS G ARAR RRBR RN FIE | 25 AR AR 8 T b i
Mo R T ARUEST HB AR AT B A b ) 328 4505 T B R A 7E — N/ IN A8 AR BB AT TR = FE Dl 1100—
1300 m B 20—35 °, Ylela) FE N YR ANPYALTT 1) s 2R3, R BRI 3 S A 1
AR B SR B AR B B /N R 20 m x30 m FEJ7, 3 18 A B AR AL U BEAC I L ANk 1,

R1 HHERERL

Table 1 Basic status of sampling sites

Ty HaE

. N EH bk
N N DA - e s A R Me:
o P S o e wpg AR Men Mean
- Slope . Crown diameter at
Origin of stand Forest type Aspect L. Slope/ (°) Altitude/m . plant
position density/ % breast height/
height/cm cienm
T | )
A M(. A . (LT gk 30 1209.0 45 14.0+0.32 9.4+0.24
Plantation R. pseudoacacia
JINE
J Wj g [LE|4 Tk 32 1157.2 62 12.8+0.40 8.3£0.17
P. simonii
St N
s - [LE[ g 25 1069.2 80 81021  7.240.19
P. tabuliformis
S/SUNEEYN iR
SRR JJFE . [LE|4 rhgg 34 1207.3 70 12.6=0.42 8.1x0.17
Natural secondary Q. wutaishanica
fores %3
orest b - [ T 35 1117.2 30 9.9+0.33 7.1£0.18
Q. acutissima
b
it [LE]4 Tk 20 1330.6 50 12.70.60 7.2+0.23

B. platyphylla

1.2 FRELRAE S AL

2012 4% 8 H X e AT P I SEARTEA T REARKE R, 0 S AR AR /&1, IR He AN R AR R BEAR A 3 #k . SREE
B FETTARAEA I A T (P R AS B AE A L A 1B 8 R B T 43 2R 08 (RS G 4 SO SRR S)) 29 300g %
ARYZAS T M S0 2 45, B RE 7 N R 2 e B 3 A AR 100 emx 100 em BT 1 /INVEE T, 1K
EFETT N HL R VE )2 300g 26 ARYZEAS I FH Bl 76 X6 7 A FE J7 A 1 A4 100 em T (F5 0—10,10—20
20—30,30—50 cm F1 50—100 em BUFE) B Aots . DL ESREE BIRE S B SC 56 = 5 AP | U V& P0RE i 25 7
85 C LT ZETE , FM BRI I, 1 48RE i 280 B SR XU TS BB A6, FE 3203 0.25 mm 0, T A R 20 1R
FHAM A 5% TR A 78 1 1 | L EC e R0 A IR - o S R T A2 - FH B Pt Lt 1k ( GB 7852- 87 ) Il i HLAT ALk (N, P
T,
1.3 ¥t

KR 2R 5 22538 (one-way ANOVA) [ 77543 BT AS [ R I | [R]— RS Y5 TRV o 1] 1) A= 5 Ak 2= R E
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B2 A4 H C:N L C:P KUK NP EE LT b FR" | Kb B N E bR iR (n=3) , P i
FEK B N P=0.05, R Pearson AT 6k i - 74 40 - 39 4 3% 40 vk BE FIAL 25 A R AT )
Mr. VL EBERBALE SPSS 23.0 HhiFF7 40,

2 #R

2.1 AFIZRAIAEI R C N P & R Ab2E AR e

N AR =B P35 C NP & 530k 481.76 (17.07g/kg Fil 1.14g/ kg, FEAR RIS FIE], C & REFRIU
SIMAR > /N A > AR , b AN R I AE AR 2 3 25 57 (P<0.01) N P 7 5 U R SRR > /N A > Jih by, Hovp
FIMLE N P & B E R T/ N RS (P<0.01) . =R F A2 C:N.C:P N :P {H43 51K 44.18 .
452.72 13.86, HoR i AA Y C N (H 22 TR (P<0.05) , RIBREY C - P {EAR W35 & T/h A Fll i (P<
0.01) N =P B A AR >/ N4> Yl JHe bR R/ IN A7y SRIASR AT A28 (6] 2 2 B0 11 i 38 1 25 52 (P<0.05)

FERIRUKAEMR T, =R 7345 € NP & 50000 474.95 18.88g/kg Fil 1.33g/ kg, 2 WIFIE] C & i
TR FARESTT AR MRS IRAR , Herp R C i B 35 8 TIRRER (P<0.05) o N P 53 o FILRES IBRBR > 10 AR A%, = #
PR N i 22 SRR T P & AR ARAR A IS T ZRBR AT RR AR (] S A 7E B 5 M 25 57 (P<0.05) . — Wiy
A C:NLC:P N :P SEIE S 5 25.65 .372.99 Fl 14.49 , Hih il K BRAY C <P {8 5538 & T FEER A T HE (P<
0.05) 1M C :N N :P {H7EAS PR 22 FHR 2 SN TR KSR A MO 5, H € N P 3200 M fb2:3 T
R HBAEER(E2),

%2 AREHFMEINHE C NP EBRUSHER
Table 2 C, N, and P concentration and stoichiometric ratio of leaf in different forest types

AR PR o3l c/ N/ P/

C:N C:P N:P
Origin of stand Forest type (g/kg) (g/kg) (g/kg)
T |
A M( e . 450.30£9.36B  30.86+4.75A 1.51+0.14A 15.40+2.62B  302.73+27.57B 20.15+1.44A
Plantation R. pseudoacacia
N
P i .. 476.26+18.19AB 12.00+0.64B 0.96+0.04B 39.77£0.80AB 499.34+33.45A 12.57+0.89B
. simonii
Sth
T . . 518.73+6.17A 8.33+2.28B 0.95+0.08B 77.36+27.79A 556.08+39.99A 8.87+2.60B
P. tabuliformis
YJ{H Mean+SE 481.76+£19.95a 17.07+6.98a 1.14+0.19a 44.18+18.02a 452.72+76.76a 13.86+3.32a
BRIK 1L Rk
RISV LA . . 470.58+13.15AB 16.46+0.69A 1.04+0.12B 28.65+0.76A  467.83+57.69A 16.25+1.56A
Natural secondary Q. wutaishanica
forest I 460.21£5.55B  19.12+1.81A  1.39+0.09A  24.52+2.44A 33474224058  13.811.23A
Q. acutissima
i
Pk 494.06+£7.79A  21.05+1.90A 1.56+0.06A 23.77+1.69A 316.42+8.51B 13.40+£0.65A
B. platyphylla
HyfH
474.95+£10.01a 18.88+1.33a 1.33+0.16a 25.65+1.52a  372.99+47.71a 14.49+0.89a
Mean+SE

TE AN FRARAFRIRE AR RS TR R —E IR R R b H 22 5 2.3 (P<0.05)

2.2 AR IEY) C N P & L Abait e

N TARERFIIEY) C & w8 V3ME N 339.53g/ ke, HH AR IRTEY) C & S i (433.02g/kg) HAR 3%
TR AN 4% (P<0.01) , 759 N P & 5 3 3 11.33.,0.71g/ kg, e DRI 4 55 , H A5 A
B NP &FE25 03 (P<0.05), 5/ Mgt B 25, —RFREEDR C:N.C:P FHE 55K 35.10,
533.89, BIFRINAIHAL >/ N A7 > FIRE , Fordt C N C <P AELFE T A FIRIRR | oA /DN A ) 22 300 00 Al 3 2 S
(P<0.01)

TERIRU AR J7%Y) C N &5 058 319.23 .12.02g/ kg, ARIFFRE] | J75 9 C & 23 M R
BR> FIMES T ARER N & 50 FIHES BRER > 1L AR8R, Horp C N & 7S R FpE) G 25 22 5 AR Y34 P
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N 0.82g/kg, HorP FIHERY P &8 805 (0.97g/kg) H 5L AR FUBRARAETE W& PE 25 7 (P<0.05) . RIRIK
AR =R RTS8 C N L C P AN 2P B 551k 27.23 398.56 14,72, HAE =W R4 0 8 525 5
FEN T SRR A ORI, TVE Y C NP & S A 25 T Fre N TR R SR vk A Rl A 22 5
(#£3),
#3 FREHRMELIEEY CN.P SERUEHRL
Table 3 C, N, and P concentration and stoichiometric ratio of litter in different forest types

IR PR eyl C N p

C:N C:P N:P
Origin of stand Forest type /(g/kg) /(g/kg) /(g/kg)
|
ATM( L . 304.18+24.35B  14.96+2.10A 0.86+0.11A 20.97+1.7B  359.16+18.85B 17.48+1.62A
Plantation R. pseudoacacia
AR
P i .. 281.37+17.07B  11.59+1.85AB  0.77+0.07A 25.29+3.35B  370.39+18.05B 14.94+1.12A
. simonii
BN
T . 433.02+22.93A  7.45+0.69B 0.50+0.01B 59.22+6.72A 872.11+34.96A  15.03+1.43A
P. tabuliformis
HfH
. 339.53+47.21a 11.33+2.17a 0.71+£0.11a 35.10£12.13a 533.89+169.14a  15.82+0.83a
Mean+SE
SRR 1L 7Rk
KU LLAH . . 311.45+28.97A  11.10+1.49A 0.77+0.03B 29.36+5.79A 406.87+43.67A 14.34+1.42A
Natural secondary Q. wutaishanica
fi K%
orest IR 331.16+5.41A  11.36+0.35A  0.74:0.088  29.19+0.52A 459.1843.38A  15.69+1.26A
Q. acutissima
b
Fik 315.08+32.31A  13.61+0.88A 0.97+0.05A 23.14+1.79A 329.63+49.95A 14.13+1.27A
B. platyphylla
HfE
Mean+SE 319.23+6.06a 12.02+0.80a 0.82+0.07a 27.23+2.05a 398.56+37.63a 14.72+0.49a
ean+SE

TE AR/ NG TR AR R IR 6] A 5] K S R AR ) — 2 YR AN [ B il ] 22 5 (.35 (P<0.05)

2.3 RIFEFRMAEHEI L HE C N P & Kb F i ir

N THAR A3 C N S8 53k 4.98 ,0.46¢/ kg, btk 8 € N & i i (4300000 5.25g/
kg 1 0.52¢/kg) AH = FFPRIANAEAE B 225 HIEAGFY P &8 0.53g/ ke, 7EAS [RIB it (1] 2 B Ay s B A
S/NH MRS AR B2 R AR, HHEF €N C:P MNP {H/514 11.20 .6.86 f10.63, HH C:N 1 C
1P ELER R P IR 1T N = P AEL 5 0 9 R /INEAZ AR, A B 7 45 B o ) At 35 o A 31 MK |

RARKAE M+ HEF) C il 7.54g/ kg, £ ] LA FRERRS AR AR > 1L A AR, e H (A HEMCRN R
BRARIRIAE 7R B PE 25 5 (P<0.05) , FAMEMRRIAL A KRR ) A7 e (B 35 22 52 (P<0.01) ; H3EF-H) N & 550,71
g/ kg, FIMEAR 35 5 TILARBRAK (P<0.05) , TP P & 4t 0.53g/ ke, 45 il 1112 LA 11 46K > 30 A4 Ak >
BRAR, A ZE BRI ARARAR RRARARRN I HEAR B 22 55 8 25 (P<0.05) . 3 °F-3 C:N {28 10.51, &R Fh
(1] 22 B0 Ry AR 1T AR AR S IRAAR , 78 FUREMORTIT AR BRAR | FORERR AR AR AR R A7 7E B 3 M 22 57 (P<0.05) ,
] C:P NP {HATHIN 14.14 1.34, Hrp (A C P (AR E W TILARER(P<0.05) , N : P {HAE A Fl ] 22 52 R
B3 AN TR A EIRTT S, KRR C N LUK C:P NP EPEF AT, HESMR
F(P<0.05) (% 4),

ENTAA, R R C N P & i M AL 25 55 2R T 0—10 em B93RZ L1812 L1
C B KU IR (23.68 ¢/kg) >/ (17.30 o/kg) >HIMEAR(15.45 g/kg) , ELIHIFAMR S /N7 bk | il
PRI A3 C S8 BIAEAE B3 (P<0.05) A i3 (P<0.01) 225 (E 1A) , C P {HWE I R AR > /N A7k
> TREAR , ZE A BRAI BRI 22 5 B3 (P<0.05) (& 1E) , A% )2 13 C NP S HI K C:N C:P N:P
{ELFEAS B Fh ) 2 A A 2] i 2 K (B 1B 1C 1D IF) . [AlEE, B )2 B R38N, C N & g s/, P
B R A ESE (0.56—0.61 g/kg) .
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Table 4 C, N and P concentration and stoichiometric ratio of soil in different forest types

AR PR eyl c/ N/ P/

C:N C:p N:P
Origin of stand Forest type (g/kg) (g/kg) (g/kg)
T 15
A 1% e . 4.46+0.37A 0.39+0.01A 0.56+0.00A 11.37£0.92A 7.95+0.66A 0.70+0.02A
Plantation R. pseudoacacia
AN
. .. 5.25+£0.59A 0.52+0.11A 0.55+£0.02A 10.74+1.36A 9.48+0.94A 0.92+0.17A
P. simonii
HHE/S
. 5.24+0.34A 0.46+0.06A 0.52+0.08A 11.48+0.74A  10.41+1.01A 0.90+0.05A
P. tabuliformis
HfE
4.98+0.26b 0.46+0.04b 0.53+0.01a 11.20+0.23a 6.86+3.10b 0.63+0.28b
Mean+SE
SRR TR
RISULER LA . . 5.97+1.00B 0.59+0.09B 0.55+£0.03A 10.12+0.33B  11.10+2.32B 1.09+£0.20A
Natural secondary Q. wutaishanica
fores AR
orest WEBE 6.88£0.40B  0.69+0.04AB  0.48:0.01B  9.92+0.36B  1429+1.02AB  1.44x0.11A
Q. acutissima
o
Fikd 9.77+£0.56A 0.85+£0.04A 0.58+0.01A 11.49+0.14A  17.04+1.30A 1.48+0.10A
B. Platyphylla
HiE
X 7.54£1.15a 0.71+0.08a 0.53+0.03a 10.51£0.49a  14.14£1.72a 1.34£0.13a
Mean+SE

TE AR/ NG TR A R R IR ] A 5 K S R ) — 2 YA [ W il ] 22 5 (2. 35 (P<0.05)

TEFRIRUAEAR T ,0—10 em 2 =HFG 3 ¢ N P SRR EMWZET A 10—20 em +2H A
HEMRAY C & i 2 = TILRARAR(P<0.05) (B 2A) , FAMERRRY P & 1 25 = T RRAR AR (P<0.05) (¥l 2C) | J§k
BRARE N P (B 52 5 T2 R BRAR (P<0.05) (1 2F) s #£ 20—30 em ML )2 M, C N & i R IUA FIHEMS BRI AR
STLARBRMR, HLEAHEMS FRARAR 1L ARARARIE] 23 B AE 255 (P<0.05) ARl & 3% 25 5 (P<0.01) (&1 2A K1 2B) ,
FIHERRIY P &1 0 35 0 TREERAR (P<0.05) (B 2C) , C :P {H RN FAMERR S BEAR AR > 1L ZRARAK , v M sk
1T ZRAFAR A 2525 5 (P<0.01) (B 2E) N =P K/ IME IR R I S FRAR AR > 1T Zo MR AR, L 71T AR
MRS RRBRAR | FTRERRTR] 535 2 B 5835 ( P<0.05) FIK b 35 22 5 (P<0.01) (&l 2F) 57 30—50 em + 27, FHE
MR C N & 134 10 28 TR BRAR (P<0.05) (181 2A (81 2B) 17 C N {E U230k P AR 0 25 v T IRRBR AR ( P<
0.05) (K 2E) ;7E 50—100 em B+ JZ2H, BR P & 8 RN FMEPRS 1L ARBRARS BRERAR , 26 BRERARORD I HERR 12 4R
BRAR I AAAE B 35 1 25 5 A0 (P<0.05) (18] 2C) |, HAR 45 TR bR AE 25 B 1] 1) 22 5 2 R GR 31 1 257K
2.4 M VYA RIER SR O i R AR R R AR DG

X R -8 95 40 - MR SR 0 vk B AL A R R AE AT T Pearson AHICHE M BT 45 3R B , N TRk Sl 1
C =N {EAE &Y+ 358 6] 5 2 6 A 56 (P<0.05) , C <P {HAEM /5 38 A) 5 2 A 56 (P<0.05) , /N4
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